The South Asian region habitat about 17% of the world population and it is very important that we ensure development and prosperity of the citizens in the region for a developed and prosperous world. Information technology (IT) is considered as the technology of the modern world, one which has virtually become necessary for economic and scientific development of a nation. IT sector now plays a very important role in all spheres of life and has a measurable impact on the development trajectory of a country. The South Asian countries, despite lagging behind in Science and Technology sector development during the second half of the 20 th century, made noticeable progress in the IT sector in the recent past. IT has gradually become one of the largest services sector contributors to economies of the region and one of the major employment providers. However, at the same time, it is also true that the region lacs the effort toward the development of original hardware and software products and services. Most of the products (both hardware and software) are being designed, conceptualized, and manufactured elsewhere, and the South Asian region is merely contributing to the operational part by virtue of utilizing abundant manpower. It is in this context that we have tried to measure the level of preparedness of the core strength of the IT knowledge sector and the level of research efforts in this sector towards creating original algorithms, products, and services. The paper explores and measures the IT knowledge infrastructure and the research competence of South Asian countries and provides a detailed analysis of the scenario.
INTRODUCTION
assistive technologies etc.; and communication systems like internet, E-mail, video conferencing, etc., During the last two decades, it has become the backbone of development in other sectors as well. It would not be inappropriate to say that IT is "the technology" of the day, a ubiquitous technology which has reduced distances and information barriers between people in different parts of the world. Large multinational companies and business empires are now able to expand and take their operations to different parts of the world, largely due to the IT revolution. IT infrastructure is now a key component of economic preparedness and development of a country. Unless a country is substantially prepared and institutes the required IT infrastructure, it would not be able to attract foreign investments and operations of multinational corporations, thereby losing on revenue and employment opportunities. Perhaps this is the understanding that made South Asian countries to start investing in the infrastructure development in the sector and to produce trained manpower.
South Asian countries (we refer to the eight SAARC countries -Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka) have improved substantially on their IT preparedness over the years and in fact some countries in the region such as India are in fact now a major center for IT development activities for the whole world. IT is now a major employment provider and biggest services sector revenue contributor. However, despite the noticeable progress, the region still lacks efforts toward the development of original products and services. While South Asian countries continue to be a major place and source for development of customized software and back-end operations, they lag behind in development of original generic software products and services. Most of the generic software continue to be created at development centers in the developed countries (ironically with participation of many South Asian nationals). One major reason for this is the high level of research competence in computer science (CS) of the developed countries. While South Asia has adopted an alien science/technology, it continues to remain a second-class citizen when it comes to original research output in the IT sector. It is in this context that we have tried to measure the research competence and potential of South Asian region in IT and assess the research preparedness, in general. We have adopted a multi-dimensional approach, by collecting and analyzing relevant data from various viewpoints. A standard scientometric methodology forms the core of the approach and allows us to evaluate and compare the IT research competence of the South Asian region vis-à-vis the developed world.
The rest of the paper is organized as follows -The section 2 gives an overview of the IT sector and general preparedness levels of the South Asian countries. Section 3 describes the source and statistics of the scientometric data collected for analysis. Section 4 presents detailed outputs of the scientometric-based empirical analysis. It includes various parameters ranging from research output share, collaboration patterns, usefulness and productivity assessment, etc., Section 5 presents a relevant discussion of the analytical outcomes.
THE INFORMATION TECHNOLOGY KNOWLEDGE INFRASTRUCTURE OVERVIEW
The last two decades have seen the evolution of "E-" systems and services in the region. This transformation is possible with underlying IT infrastructure and connectivity. We thought to first have a look at the relevant indicators of research and development expenditure, IT readiness etc., before moving to a detailed empirical analysis of research output data. Table 3 . As we see, Maldives has a leading position among South Asian countries, though with the world rank of 72. India, the modern day IT hub, ranks at 119 th place. Similarly, the other South Asian countries also rank above 100 th position. These values show the relatively poor state of affairs of ICT Readiness of the South Asian countries and suggest that substantial effort needs to be put in for improving the infrastructure and preparedness of the sector and to achieve IT-based economic growth.
We have also tried to explore the connectivity infrastructure and the penetration levels for the South Asian countries. First, we obtained statistics about Internet and Social penetration for various regions of the world. Figure 1 shows internet penetration values obtained from we are social (http://wearesocial.sg/) for different world regions. We observe that the developed regions/countries that is, North America, Western Europe, and Oceania have internet penetration of 81%, 78%, and 63%, respectively; whereas the South Asian region has only 12% internet penetration rate. This value is very low as compared to the developed region. Similarly, we also looked at Social media penetration rates and found that for South Asia, the penetration rate is about 7%. Figure 2 shows the social media penetration rates for various regions of the world. The values for North America, Western Europe, and Oceania are 56%, 44%, and 44%, respectively. We have also collected statistics of Internet Users and penetration rates for all the eight South Asian countries. Table 4 shows the values of these parameters. As we can see from the table, the Internet penetration rates for all the South Asian countries are very low (ranging from 5% in Afghanistan and Bangladesh each to about 35% in Maldives). This is substantially lower than the Internet penetration rates of developed countries. All these parameters establish the broader contextual picture for the empirical analysis and discussion presented in next few sections of the paper.
SCIENTOMETRIC DATA COLLECTION
To do systematic analysis of research competence of the South Asian countries in IT, we have collected scientometric data of research outputs from these countries, from the Web of Science (WoS) index. The data collection corresponds to the period of 25 years, from 1989 to 2013. This is the period of major growth in IT sector activities of the region. A total of 15,841 research papers from this region are indexed in WoS, for the given period. We collected full records for all these publications. The entire data collection is processed programmatically. There were duplicate entries, which were removed, leaving us with 15,810 unique publication records. Each publication record contains 59 fields, such as authors, affiliation, title, publication year, abstract, etc., Of the total publication records collected, India accounts for 14,567 records, about 91.95% of total research output from the region. India, the largest country in the region in terms of geographical size and population, has thus a major share. We have plotted the geographical location of the top IT research institutions of South Asian region on an interactive map in Figure 3 . This tagged map is generated using an online tool (http://www.gpsvisualizer. com/) and can be accessed for interactive viewing from our web page (http://www.viveksingh.in/publications/ jsr/map.html). Our data collection thus corresponds to the research work in IT carried out in the region and is a measure of original research and development effort in IT.
EMPIRICAL ANALYSIS
The IT research output data collected contained 59 fields for each record. The data correspond to publications indexed in WoS and as such can be regarded as the most qualitative research output in IT from the region. The large data called for a computational analysis and hence we performed a detailed programmatic analysis of the data collected. The analysis is done on various parameters of interest ranging from total research output, authorship and collaboration patterns, productivity of research output, etc. First of all, we measure the total research output of the South Asian region and compute per capita and per GDP outputs of all the South Asian countries, and correlated them with the world top output producing countries. Table 5 shows the statistics of the total IT research output of South Asian countries and few top output producing rd rank worldwide. Only one South Asian country figure in top 50 and only four countries figure among top 100 IT research producing countries worldwide. However, values of publications per capita and publications per GDP are pretty low for these countries. We also measured the proportionate contribution of all South Asian countries taken together to the total IT research output of the world. It is observed that South Asia's contribution to IT research worldwide for the 25 year period is only 2.02%. Further, out of the total IT research output of the South Asian countries, India alone contributes 91.98%, followed by Pakistan (5.73%), Bangladesh (1.69%), Bhutan (0.012%), Nepal (0.13%), Sri Lanka (0.44%), and Afghanistan (0.006%). No IT research output record is seen from Maldives (though Maldives has 81 publications-all disciplines taken together-indexed in WoS).
The second important analytical outcome we obtained is about the relative strength of IT research in South Asian countries with respect to other disciplines. In Table 6 , we show the total research output (all domains) of each of the eight South Asian countries and also the IT research output. The last column in the table depicts the percentage contribution of IT research to the total research output, for the given period, for all the eight South Asian countries. We observe that the overall percentage contribution of IT domain research to the total research of all the South Asian countries is quite low (approximate 2% max). The highest value is for India (2.1%) and lowest for Afghanistan (0.25%). The lower values of IT research output vis-à-vis other disciplines indicate an incongruence between the economic perspective of the IT and effort put in for original research and development in the sector.
The third parameter we thought to be of interest and value is the productivity level (measured as the impact) of the IT research work of South Asian countries. Citation is considered a relevant measure of productivity and effectiveness of research work. [1] Those research outcomes which attract higher citations are considered more effective and productive. Citation counts also are an indirect measure of quality of research work. We have tried to measure the citation-based impact of IT research output from South Asian countries. For this, we compute Average Citation Per Paper (ACPP) and the ratio between cited versus un-cited research output. The "Z9" field of WoS data representing "total times cited count" is used to calculate total citations of a research publication. In order to compute ACPP value for a country, we divide total citations to all its output by the total output size. We plotted the values for 25 years in year-wise manner. Since, older papers have higher citation window and more likely to have higher citation count (due to the age bias), we computed a time adjusted ACPP value as well. This normalization has been done by dividing ACPP values by its chronological distance from the publication year to the year 2013. In Figure 4 , ACPP and time adjusted ACPP have been plotted on different axes and scales. The cited versus un-cited ratio for research outputs from South Asian countries is plotted in Figure 5 . The values are plotted in 5-year blocks for better visibility. When we compared the average ACPP values for few developed countries with few countries in South Asian region, we observed that ACPP for the Indian and world top institutions are 4.39 and 8.56, respectively. A similar result is shown in a recent work [2] , which states that cited versus un-cited percentages for India and world top institutions in CS domain research are 44% and 59%, respectively.
The fourth parameter of interest that we analyzed is the authorship and collaboration pattern in IT research work from South Asian countries. It is often said that collaboration attracts more researchers and hence increases citation for the paper as compared to a non-collaborated paper (Frenken et al., 2005) . [3] A collaborative research output could be of various types. It may involve collaboration between different researchers of the same institution or researchers from different institutions in a country. It may also involve collaboration between researchers from institutions in different countries, generally known as International Collaborative Papers (ICP). Co-authorship and collaboration patterns give an idea about the research environment and knowledge sharing patterns among researches. For our analysis, first we measured the co-authorship patterns for IT research output of the South Asian countries. Figure 6 plots year wise co-authorship pattern for South Asian IT research output (expressed in terms of percentage to total output). We observe that single authored paper percentage is decreasing, and the percentage of papers having more than three authors is increasing over the period of time. Thus, we have a favorable trend of research cooperation among researchers. We have also measured the total percentage of collaborated papers which are having at least two authors. Figure 7 shows that about 90% of the total IT research output from South Asian countries is collaborative. Further, among the collaborative papers, we tried to find out collaboration to the outside world and collaboration between researchers within the South Asian region. We observe that only about 1% of the ICP from South Asian region involve collaboration between authors/institutions within South Asian region whereas about 99% collaborative output is outside South Asian region, as shown in Figure 8 . A similar recent work for India ) [4] shows that 28% of the total output of world top institutions involve international collaboration, whereas only 17% papers from Indian top institutions are instances of ICP.
Looking at higher collaboration of the IT researchers in South Asia with countries outside the region, we tried to measure the actual amount of collaborated IT research for all the eight South Asian countries. We identified and plotted ICP, both within South Asia and outside South Asia. Since, the records do not contain explicit country information; the country affiliation of a research paper is derived from the ꞌꞌC1ꞌꞌ field of the WoS record, which specifies "Author Address." Figure 9 shows collaboration network in IT research among South Asian countries and also with some other leading countries of the world. We A detailed look at the graph tells us that unlike the findings reported in (Schubert and Glänzel, 2006) , [5] the South Asian countries have more collaborative output with distant countries than their neighbors. A serious fact finding and corrective action is, therefore, required to find out the reasons for low collaboration levels in IT research among researchers within South Asian countries.
DISCUSSION
The detailed analysis of IT infrastructure and the IT research in South Asia gives us important and useful inferences. There are several implications for governments as well as other non-state actors in education and research and development field in the South Asian countries. The statistics for tertiary education enrollment, expenditure on higher education and research and development in South Asian countries is far from being at satisfactory level. A lot more emphasis needs to be given on new age knowledge arenas like IT. IT has potential not only for achieving higher development goals but also to transform every field of life for the good. Therefore, higher investment in the IT sector by all the member countries, both on education and research and development, is necessary for the development of the South Asian region. Simply adopting and being consumer of technologies developed in the developed world is not going to be that effective. There is a need of investment in creation and development of original IT products, applications, and services that serve the entire world. This requires effort on various fronts ranging from IT infrastructure growth to higher investment in IT research activities.
When we look at the statistics for penetration levels of Internet and social media in South Asian countries, we realize how much do we lag with the rest of the world. A large part of the population of South Asian countries do not have access to the modern technologies emanating from the IT revolution worldwide. There is a serious digital divide that need to be addressed seriously. Further, whatever reach the IT has in South Asian region is merely in propagating the technologies of the developed world. Most of the websites, electronic platforms in South Asian region continue to be in English, thereby alienating a large number of those people who are educated and able to use the technologies if they have been available in local languages. The Web presence in native languages in these countries is very dismal. Serious effort toward multi-lingual computing technologies is, therefore, very much necessary. The mobile revolution and access to IT services on mobile devices can help a lot in bridging the digital divide. If we pay more attention and commit ourselves toward localization of the technologies and also focus more on creation and development of new products and services, we may be able to progress at a much rapid rate. The youth of the region has potential and ambitions to move forward, and IT can become the desired means to achieve this goal.
Our empirical analysis of the scientometric data on IT research generate very useful inferences and allow us to identify the corrective measures to be taken. We observed that South Asian region, having about 16.5% of the world population (http://en.wikipedia.org/wiki/South_Asia), contributes only about 2.02% to the total IT research worldwide. Development and self-sufficiency in IT are not possible without higher levels of IT research which produces original algorithms, products, and services. Though, IT is becoming one of the major employment sectors in the South Asian countries, but the major share of the revenue generated goes to companies outside the region. The true potential of our youth can be realized only if we put more conscious effort in IT research activities. The region lags behind the developed world on almost all scientometric indicators. Not only the total IT research output of the region is very low, but also the productivity level (measured as citation impact) is low. The authorship and ICP patterns are also different from the developed world. Some other analytical works [6] [7] [8] [9] on this theme carried out at national or regional levels substantiate our analytical findings. We need to develop the right environment for research and development, including integrated efforts from government and non-government actors. Similarly, a look at collaboration patterns of the South Asian region in IT research is another eye opener. Researchers in South Asian countries collaborate more with researchers in far of countries. We as a region have not been able to put a collective effort and effective systems for higher level and quality of IT research. More programs of joint and collaborative research among the South Asian countries will definitely help in tapping the potential and improving the scenario. With efforts and collective measures toward original research and development, we can develop South Asia as an IT knowledge hub. This will not only impact the national economies for the good but will also help improving the quality-of-life of the individuals in these countries.
